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PATENT SPECIFICATION 

1. TITLE OF THE INVENTION 
Concentration apparatus 

2. CLAIM 

(1 ) Concentration apparatus wherein a pressurizing and heating section (A) for concentration liquid, and 
a concentration chamber (B) which is equipped with a spray section for heated and pressurized 
concentrating-solution, pressure control unit for the concentration chamber, are connected with a 
pipeline. 
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(2) Concentration apparatus which is described in Claim 1 and characterized that the pressurizing and 
heating section (A) is made to have a structure that is able to convert the evaporation latent heat of 
the liquid in the concentrating-liquid into sensible heat of the solution of the concentrating-liquid. 

(3) Concentration apparatus which is; a concentration apparatus wherein a pressurizing and heating 
section (A) for concentration liquid, and a concentration chamber (B) which is equipped with a spray 
section for heated and pressurized concentrating-solution, pressure control unit for the concentration 
chamber, are connected with a pipeline; and is characterized that it is integrated with an analyzing 
unit for the concentrated-liquid and integrated with a control system that controls pressure and 
temperature of the pressurizing and heating section (A) and pressure of the concentration chamber 
using the results of analysis. 

(4) Concentration apparatus which is described in Claim 3 and characterized that the composition 
analyzing unit for the concentration liquid is a line viscosity meter. 

(5) Concentration apparatus which is described in Claim 3 and characterized that the pressurizing and 
heating section (A) is made to have a structure that converts the evaporation latent heat of the liquid 
in the concentrating-liquid into sensible heat of the solution of the concentrating-iiquid. 

3. DETAILED DESCRIPTION OF THE INVENTION 

This invention concerns an apparatus that concentrates low concentration solution into high 
concentration solution, and especially it concerns an concentration apparatus that is effective for 
concentrating medium viscosity solution and which is multi-component mixture solution. 

There have been various types of apparatuses developed as concentration apparatuses of liquid and 
their characteristic is that structure of apparatuses are different depending on the viscosity of liquid to be 
concentrated, and single axis evaporation unit, dual axes evaporation unit, and thin film cascade type 
evaporation unit, etc. have been known as for the apparatus that concentrate high viscosity concentrating- 
liquid, and evaporation kettle, multi-efficiency kettle, etc. have been known as for the apparatus that 
concentrate low viscosity concentrating-liquid. However, for the ones with medium viscosity around 1 to 
1,000 poise of viscosity of concentrating-liquid, there are many ones having their own behavior being very 
complicated and hard to handle, and therefore, efficient and vesatile concentration apparatus has not been 
developed, and current situation is that there is a need to measure such as property, flow behavior, etc. of 
individual concentrating-liquid and individually develop apparatus that meets each concentrating-solution. 

Therefore, the inventors have discovered that concentrated-liquid is relatively easily obtained by using 
a method to spray concentrating-liquid, wherein evaporation latent heat of components to evaporate in the 
concentrating-liquid is converted into solution sensible heat of the concentrating-liquid, into a concentration 
chamber that is kept at low temperature and low pressure, in an investigation targeting a development of a 
concentration apparatus which is able to efficiently concentrate concentrating-liquid of medium viscosity 
and has versatility, and discovered that the apparatus that can be effectively used for this method becomes 
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the most effective apparatus by making it in a structure that maintains heating and pressurizing section and 
the concentration chamber for the concentrating-liquid in separate condition, and completed this invention. 

The summary of this invention is that it is a concentration apparatus which is equipped with a 
concentration apparatus that connects a pressurizing and heating section (A) for concentrating-liquid and a 
concentration chamber (B) which is equipped with a spraying section of concentrating-liquid, a pressure 
control unit for the concentration chamber, a temperature control unit for the concentration chamber, a 
volatile component outlet and a concentrated-liquid outlet, with a pipeline, and a composition analyzing 
device for the concentrated-liquid, and this analyzing unit is connected to the pressurizing and heating 
section (A) and/or the pressure control device of the concentration chamber with an relay to control 
temperature and pressure of concentrating-liquid and pressure of the concentration chamber. 

Figure 1 is a schematic drawing of typical concentration apparatus of this invention. In Figure 1, 1 is 
concentrating-liquid supply line, 2 is concentrating-liquid pressure feed pump, and using this pump, the 
concentrating-liquid is kept under pressurized. 3 is concentrating-liquid pressurizing and heating section, 
which is an apparatus to put evaporation latent heat for volatile components that are to be removed from 
the concentrating-liquid in the concentrating-liquid as sensible heat. As the heating device of this heating 
unit, use of device that is able to quickly heat such as slit heater, onlater, etc., for example, is desired. 4 is 
a spray section that expands the diffusion area of the concentrating-liquid that has been integrated with the 
evaporation latent heat of the volatile components and to have the volatile components that self boils leave 
without resistance, and it is desired to be constituted with such as nozzles, slits, etc., in order to make the 
concentrating-liquid into mist. 5 is concentration chamber, 6 is concentration chamber temperature control 
unit, 7 is volatile component outlet, and 8 is volatile component condensation section. 9 is pressure control 
valve that controls vacuum level of the condensation chamber and 10 connects to its vacuum source. 11 is 
concentrated solution outlet, 12 is a takeout pump for the concentrated solution, and 13 is a component 
analyzing device for the concentrated-liquid. 14 is a control system for controlling the composition of the 
concentrated solution by controlling the vacuum level of the concentration chamber with the analysis result 
of the composition of the concentrated solution. 1 5 is a control system for controlling the composition of 
concentrated solution by controlling heating temperature of the concentrating section* with the analysis 
result of concentrated solution. The concentration chamber 5 is possible to be attached with a mixing 
blade or a scraping blade, however, it is not especially necessary because the heating section and the 
evaporation section are separated in this apparatus and there is hardly any deposition on the wall of the 
concentration tank. 

* Translator's note: This "section" shall be a mistake of liquid" or "solution" both of which are mixed used 
for meaning the same thing in this Japanese document. 

As the concentrated solution analyzer used in this invention, it is able to use various types of such as 
physical and chemical analyzers, however, the most convenient one is an infrared analyzer which is 
convenient for analyzing volatile components, and as a physical means it is a viscosity meter. 
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Attention should be paid when concentrating the concentrating-liquid using the apparatus of this 
invention that the substance contained in the concentration solution would not cause density pattern such 
as scorching or gelation at the heating surface when heating and pressurizing the concentrating-liquid, and 
that is to convert the evaporation latent heat of the volatile component of the concentrating-liquid into the 
sensible heat of the concentrating-liquid at the heating and pressurizing section and to have it evaporate 
when the concentrating-liquid is sprayed in the concentration chamber. 

Because it is difficult to apply such operations with previously developed concentration apparatuses, 
the undesirable concentration distribution occurs during its concentration process, however, in case of 
using the apparatus of this invention above described problem would not occur because the heating and 
pressurizing section (A) and the concentration chamber for the concentrating-liquid are separated, and 
further it is able to significantly shorten its concentration time compared to using previous apparatuses. 

As the materials that can be most effectively concentrated with the concentration apparatus of this 
invention, it is able to be used for cases such as; concentration by removal of ethylene glycol at the initial 
polymerization of polyester, concentration by removal of water from rubber compound containing water, 
concentration by removal of water from water containing polymer tnat is obtained by water solution 
polymerization, and concentration when making spinning liquid from waste fiber in wet spinning process; 
and especially for production of solvent solution of polymer that is concentrated by evaporating a part of 
water and solvent for water containing polymer after adding solvent. 

In this case, it is necessary to select the pressure and temperature of the concentration chamber (B) so 
that when the heated and pressurized concentrating material is sprayed, its volatile component evaporates 
in boiling condition, for example. 

The characteristics of the functionality of this concentration apparatus are such as; 

(1 ) it is able to integrate necessary amount of heat for evaporating the volatile component in the 
concentrating-solution ahead of time as the sensible heat of the solution, 

(2) it uses the heat capacity that has been integrated as the sensible heat of concentrating-solution for 
evaporation latent heat of the volatile component, and it is equipped with a small-hole spraying section 
such as nozzle or slit so that sufficient diffusion surface is obtained for effective diffusion and removal 
of the volatile component when the concentration liquid is sprayed under low temperature and low 
pressure and the volatile component self boils, 

(3) because the heating function and the evaporation function are completely separated and the heating 
section and the evaporation section are separately constituted, there is no generation of foreign 
substance in the concentrating material, 

(4) because the evaporation time is minimum, it is able to do accurate control in short time, 

(5) because it is able to provide grate evaporation area, it is able to control evaporation amount only with 
heating temperature and vacuum level. 

Therefore, its structure is very simple as an industrial concentration apparatus, and it is able to be used as 
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an economical apparatus having high treatment capacity with extremely easy operation. 

Followings are description of examples of concentration operation using the concentration apparatus of 
the invention. 
Example 1 

A polymer solution which comprises 1 5 weight percent of copolymer comprising 92 % of acrylonitryl, 7 
% of vinyl acetate, and 1 % of methyl acrylate, and 85 weight percent of di-methyl-formaldehyde was 
stored in a tank at 80 °C, and concentration was done using an apparatus shown in Figure 1. The solution 
was sent to the concentration tank 5 with a gear pump 2 through triple layer tube heating unit 3. The 
solution passed through the heating unit 3 in 76 seconds in average and its temperature was 140 °C. 
Then the solution was sprayed into a concentration chamber 5 that was kept at 20 Torr of vacuum through 
a nozzle 4 of D = 1 dia., L/D = 10, and evaporated di-methyl formaldehyde was exhausted through 7 and 
condensed at 8. The solution taken out from the concentration chamber had average 300 seconds after 
passing through the heating unit, and its composition was polymer 1 8.6 fi and dimethyl formaldehyde 81 .4 
%. By above described method, the polymer solution was heat concentrated in as short as 6 minutes 7 
seconds and no coloring or degradation was observed. 
Example 2 

Two types of polymer solutions were prepared which were 18 weight percent of copolymer comprising 
92 % of acrylonitryl, 7 % of vinyl acetate, and 1 % of methyl acrylate and 82 weight percent of di-methyl- 
formaldehyde, and 20 weight percent of said copolymer and 80 weight percent of di-methyl-formaldehyde, 
and they were fed by the gear pump 2 that was used in the Example 1 . The feeding was done by 
alternatively switching said two polymer solutions which are different in composition for every batch. Fed 
polymer solution is heated up to 1 40 °C with a triple tube heater 3 while pressurizing so that evaporation of 
the solvent would not occur, then immediately splayed through a spray nozzle 4 into a concentration 
chamber 5 which is kept at 20 Torr. As a result, the concentration of the concentrated material, which had 
turned into having 23.5 weight percent of concentration of concentrated material, and in case of the one 
which had 20 weight percent of polymer concentration in fed polymer solution, polymer concentration of 
obtained concentrated material was 26.8 weight percent. 

Further, a viscosity meter 13 for measuring the viscosity of concentrated-liquid was equipped at the 
section after the concentration chamber 5, and by this viscosity measurement, the temperature and 
pressure at the concentrating-liquid heating and pressurizing section was controlled so that the polymer 
concentration in the obtained concentrated-liquid is 25 weight percent, while keeping the pressure at the 
concentration chamber at 20 Torr. At first, the supply of concentration liquid with polymer concentration 1 8 
weight percent was initiated and when the polymer concentration of concentrated-liquid reached 25 weight 
percent, supplied concentration liquid was switched to the one having 20 weight percent of polymer 
concentration, and the time required until the concentration of polymer in obtained concentrated-liquid 
becomes constantly 25.0 weight percent was measured, it took 1 0 minutes. And then the supplied 
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concentration liquid was switched to the one having polymer concentration 1 8 of weight percent, the 
polymer concentration in obtained concentrated-liquid went down to 24.6 weight percent at minimum and 
time needed until constantly obtaining 25.0 weight percent was about 10 minutes. In this case, the 
residence time of the concentrating-liquid at the pressurizing and heating section was 43 seconds, the 
residence time in the concentration chamber was 1 95 seconds. Obtained concentrated-liquid was not 
observed with coloring or generation of gels. 
Example 3 

600 parts of dimethyl-acetoamide was added to 220 parts of a wet polymer that comprised 100 parts of 
copolymer comprising acrylonitryl 95 % and methyl acrylate 5 % and obtained by water precipitation 
polymerization and 120 parts of water, and made into slurry. When this slurry was separated for solid and 
liquid with a continuous centrifugal dehydrator, a wet polymer that is composed of 100 parts of polymer, 20 
parts of water and 1 00 parts of dimethyl-acetoamide was continuously obtained. To the obtained wet 
polymer 100 parts, 310 parts of dimethylamide was added and heated to 50 °C to make it uniform solution 
and it was supplied to the concentration apparatus that was used in the Example 1 . The polymer 
concentration and the water concentration of this concentrating-iiquid were maintained within a range of 
19.6 ± 1.1 weight percent and 3.9 ± 0.3 weight percent respectively. This concentrating-liquid was 
pressurized so that evaporation of solvent and water would not occur, and it was heated at the pressurizing 
and heating section up to 1 45 °C then sprayed into the concentration chamber that was kept at 1 9 Torr of 
pressure through the outlet 4 to have water and solvent evaporate to obtain concentrated-liquid, and 
concentrated-liquid of polymer concentration 25.9 ± 2.0 weight percent and water 0.8 ± 0.12 weight 
percent was constantly obtained. 

Further, as same as the Example 2, when said concentrating-liquid was supplied by using a 
continuous concentration apparatus that is set to control the temperature of the pressurizing and heating 
section that is necessary to obtain concentrated-liquid at constant concentration by installing a line 
viscosity meter on the line after the concentration chamber to measure the polymer concentration in the 
concentrated-liquid by measuring the viscosity of the concentrated-liquid, it obtained the polymer 
concentration and water content of 25.9 ± 0.16 weight percent and 0.8 ± 0.03 weight percent respectively 
of the obtained concentrated-liquid, although the temperature of the concentrating-liquid that passes 
through the heating and pressurizing section varied within a range of 145 ± 19 °C. 

4. Brief explanation of drawings 

Figure 1 shows an example of schematic drawing of the concentration apparatus of this invention. 
1 . concentrating-liquid supply line 

2 concentrating-liquid pressure feed pump 

3 concentrating-liquid pressurizing and heating section 

4 spray section 
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5 concentration chamber 

6 concentration chamber temperature control unit 

7 volatile component outlet 

8 volatile component condensation section 

9 concentration chamber pressure control unit 

1 0. connection piping to pressure control source 

1 1 . concentrated-liquid outlet 

1 2. concentrated-liquid takeout pump 

13. concentrated-liquid analyzer 

1 4. concentration chamber pressure control system 

1 5. concentrating-liquid heat and pressure control system 

Patent assignee: Mitsubishi Rayon Co, Ltd. 
Attorney: Toshio Yoshizawa, Patent Attorney 
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Translated by: Hideyo Sugimura, 651-490-0233, hsugimura@pipeline.com July 1, 2001 
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